The homeobox gene Gsh2 is required for retinoid production in the embryonic mouse telencephalon.
We have examined the role of the homeobox gene Gsh2 in retinoid production and signaling within the ventral telencephalon of mouse embryos. Gsh2 mutants exhibit altered ventral telencephalic development, including a smaller striatum with fewer DARPP-32 neurons than wild types. We show that the expression of the retinoic acid (RA) synthesis enzyme, retinaldehyde dehydrogenase 3 (Raldh3, also known as Aldh1a3), is reduced in the lateral ganglionic eminence (LGE) of Gsh2 mutants. Moreover, using a retinoid reporter cell assay, we found that retinoid production in the Gsh2 mutants is markedly reduced. The striatal defects in Gsh2 mutants are thought to result from ectopic expression of Pax6 in the LGE. Previously, we had shown that removal of Pax6 from the Gsh2 mutant background improves the molecular identity of the LGE in these double mutants; however, Raldh3 expression is not improved. The Pax6;Gsh2 double mutants possess a larger striatum than the Gsh2 mutants, but the disproportionate reduction in DARPP-32 neurons is not improved. These findings suggest that reduced retinoid production in the Gsh2 mutant contributes to the striatal differentiation defects. As RA promotes the expression of DARPP-32 in differentiating LGE cells in vitro, we examined whether exogenous RA can improve striatal neuron differentiation in the Gsh2 mutants. Indeed, RA supplementation of Gsh2 mutants, during the period of striatal neurogenesis, results in a significant increase in DARPP-32 expression. Thus, in addition to the previously described role for Gsh2 to maintain correct molecular identity in the LGE, our results demonstrate a novel requirement of this gene for retinoid production within the ventral telencephalon.